SUMMARY Erythrocyte superoxide dismutase activities were measured in 45 subjects, 15 each of a3 9-thalassaemia/haemoglobin (Hb) E disease, Hb H disease, and normal. The erythrocyte superoxide dismutase activities were significantly higher in the patients with°-thalassaemia/Hb E and Hb H diseases than in the normal subjects. The increase of erythrocyte superoxide dismutase activities is most likely due to abnormalities specific to thalassaemic red cells rather than an increased number of younger red cells for reticulocytes and nucleated red blood cells did not affect the enzyme activity. Patients with P.'-thalassaemia/Hb E disease with lower haemoglobin concentration had significantly higher superoxide dismutase activities. In all 45 subjects haemoglobin concentrations and super6xide dismutase activities were inversely correlated (r =
concentration had significantly higher superoxide dismutase activities. In all 45 subjects haemoglobin concentrations and super6xide dismutase activities were inversely correlated (r = -0-60 (p < O-001)). This indicates that the amounts of superoxide generated in the red cells may, at least partly, determine severity of red cell damage and thus severity of disease; the increased superoxide dismutase activity in thalassaemia is a response to superoxide generated in greater amounts because of accumulation of excessive globin chains and iron in the red cells. The superoxide dismutase activities in Hb H disease, an a-thalassaemic disease, were found to be strikingly increased, higher than in aI°-thalassaemic disease or other conditions.
In a large number of patients with 8,,-thalassaemia/ haemoglobin (Hb) E disease (in untransfused state) haemoglobin concentrations vary between 3 and 13 g/dl (mean = 7 g/dl). Why patients with the same genotype differ so much in severity of disease is interesting and important. One aspect which we have investigated concerns the relation between erythrocyte superoxide dismutase activity and severity of thalassaemia.
In the red blood cell, superoxide dismutase is an enzyme that protects the cell from the deleterious effect of the superoxide free radical (0-). ' (30-thalassaemia/Hb E and Hb H disease were all statistically significant (p < 0 001). Haematological data and erythrocyte superoxide dismutase activity of the mild (group 1) and the more severe (group 2) (3 0-thalassaemia/Hb E are shown in Table 2 . The group 2 patients (more severe) had significantly higher superoxide dismutase activities than the patients in group 1 (mild) (p < 0 001 for U/g Hb and p < 0 05 for U/cell). To test whether the higher superoxide dismutase activity in the patients with more severe disease was attributable to greater reticulocytosis superoxide dismutase activity was also measured in the reticulocyte-rich and reticulocyte-poor fractions of red blood cells from three patients with autoimmune haemolytic anaemia. The results are shown in Table  3 .
Discussion
The erythrocyte superoxide dismutase activities in our thalassaemic patients were significantly higher than normal. thalassaemia subjects and normal controls. Vanella et al '6 , however, observed significant differences in erythrocyte superoxide dismutase activities between similar groups of subjects. It should be pointed out that the patients in these three series had received blood transfusion shortly before the studies. Most of our patients received no blood transfusion although a few had been transfused several months before superoxide dismutase measurement. Thus the superoxide dismutase activities found in our study represented a truer picture of this enzyme activity in thalassaemic red cells.
There is a question whether raised erythrocyte superoxide dismutase activities are due to abnormalities specific to thalassaemia or due to an increase in the proportion of younger red cells. In general erythrocyte enzyme activities are greater in younger red cell populations. 7 Thalassaemic diseases are usually associated with reticulocytosis and also often with the presence of nucleated red cells. We checked the effect of reticulocytosis on the erythrocyte superoxide dismutase activities in three patients with autoimmune haemolytic anaemia as shown in Table 3 . The red cells were separated into a reticulocyte-rich top layer and a reticulocyte-poor layer and superoxide dismutase activities were determined. In spite of reticulocyte counts between the two layers differing by as much as 14 times, the superoxide dismutase activities were not significantly different. Furthermore the erythrocyte superoxide dismutase activity in splenectomised patients with 130-thalassaemia/Hb E did not differ from that of the non-splenectomised ones, although the former had numerous NRC (Table 4) . Thus the increased erythrocyte superoxide dismutase activities in thalassaemia found in our study were unlikely to be due to reticulocytosis or reticulocytosis alone. Most likely it was caused by increased production of '8 These indicate that superoxide and other free radicals are generated in increased amounts in thalassaemic red cells and are probably important factors causing red cell membrane damage in this disease. The increased superoxide dismutase activity in thalassaemic red blood cells may be a response to the increase of the free radicals.
Defective globin chain synthesis in thalassaemia leads to decreased haem synthesis."' This results in accumulation of non-haem iron in the red cells as indicated by the presence of sideroblast and increased erythrocyte ferritin and haemosiderin.2I22 Iron is a strong oxidant; together with haemoglobin it leads to superoxide generation by stimulating haemoglobin autoxidation. ' Excessive amount of iron in the thalassaemic red cells may be another contributory factor in increased superoxide production.
Erythrocyte superoxide dismutase activities in the splenectomised and non-splenectomised patients did not significantly differ (Table 4) . Splenectomised patients had numerous nucleated red cells. The presence of nucleated red cells did not seem significantly to affect the erythrocyte superoxide dismutase activities. Splenectomy in thalassaemia is usually associated with increased proportion of red cells with excessive haemoglobin chains which appear as inclusion bodies.23 These inclusion bodies may be expected to generate more superoxide but perhaps not enough to result in significantly increased superoxide dismutase activities.
As shown in Table 2 the group of patients with haemoglobin <8 g/dl had significantly higher erythrocyte superoxide dismutase activities (p < O-001 and p < O 05) than the group with haemoglobin >8 g/dl. The erythrocyte superoxide dismutase activities showed inverse correlation with haemoglobin concentrations with a correlation coefficient of -60 (Table 5) .
Whether a raised erythrocyte superoxide dismutase activity determines the severity of the thalassaemic disease or not is interesting. If the erythrocyte superoxide dismutase activity is independent to severity of the disease one would expect that thalassaemic patients with higher erythrocyte superoxide dismutase activities would run a milder course, for superoxide would be neutralised to a larger extent and would therefore be less deleterious to red cells. However, the opposite was observed in this study-that is, higher erythrocyte superoxide dismutase activities were associated with more severe disease. This indicates that increased erythrocyte superoxide dismutase activities in thalassaemia is a reaction to or compensates for the increase in superoxide.
In Hb H disease the erythrocyte superoxide dismutase activities were strikingly high, probably highest among conditions so far reported. This has not been known before. This is probably due to the presence of excessive (3-chains generating increased amounts of superoxide in red blood cells. The red blood cells of patients with Hb H disease have also been found to show a remarkable increase in glutathione peroxidase activity. 24 The most likely explanation is that erythrocytes with Hb H, which is an unstable haemoglobin, generate superoxide in increased amounts leading to increased superoxide dismutase activities which catalyse the breakdown of superoxide into hydrogen peroxide resulting in high activities of glutathione peroxidase, an enzyme participating in conversion of hydrogen peroxide to water and oxygen. 
